An imaging tool is proposed to research marine environment in science teaching. It is for usage of digital cameras in housing underwater. Analyzed format is JPEG, in which RGB intensity is digitized in 8 bits. The intensity relates wavelength dependence in the bandwidth of RGB. We extract information from the dependence, and investigate absorption, scattering, and reflection in the water. Ratio index for wavelength dependence is discussed, which is easy for students to understand. Next, using the idea of the index, Ratio-RGB image is defined and discussed. The image is introduced for visualizing suspended solids in the sea. The environment in the sea is displayed using the Ratio-RGB images. Turbulence of scattering light layers, distribution of fishes, and small marine biology are detected clearly. The approach enables understanding of conditions in the sea visually.
iNTroDUcTioN
M any phenomena are interacted in nature; to understand them, derivation ability based on scientific knowledge is required. We believe it is good conditions to do science teachings for students. Surveying the field, educational materials for marine and environment are required recently [1] . Environment of the sea has been important for us. The situation should be recorded in scientific meanings.
Based on the records, we research time series changes of the water quality. Colorimetric analysis is appropriate approach as first research step. We have considered to make the analysis easy; and wished to get approach to obtain graphical results. Measurements in the sea are not so easy. Mechanical robustness is required and easy operations for elementary researchers; such equipment is expected. Thus, we know the underwater digital camera.
Digital camera has a function dividing 3 colors, whose bandwidth is 100 nm for blue and green (400-500, 500-600 nm). Red is 600-650 nm; in order for generation of purple color, the partial intensity is converted to blue. But, the ratio is a little. It is applied to colorimetric analysis for detecting of Fe-ion [2] . The camera has imaging function and simplified-spectroscopic character. Devising the usage, we get an imaging recorder for contamination of the sea. Our aim is to propose a tool for science teaching, marine environment.
DeTecTioN of waTer coNTamiNaTioN iN The Sea
There are some papers as for light and suspended solids (SS) in the sea [3] , which are organic aggregate, small inorganic solids particles, and many kinds of planktons. They scatter light, which expression is Mie scattering.
The Mie scattering is measured in the air environment, and the property of wavelength dependency is known. However, since the light of long wavelength is absorbed in the water, the absorption affects the wavelength dependence. The water has many kinds of contaminants in the environment; therefore, the water is not homogeneous like as the air. It is required that Mie scattering in the water should be re-measured.
Scattering of SS in the sea is measured by using SS checker, it is decreased with the 3rd power of the wavelength, where is Hiroshima Bay at 2002 [4] . It is intermediate wavelength dependence between Rayleigh and Mie scattering in air. This is that of inorganic particles. Considering the experiment, we believe that scattering in water is represented by same indexes defined in air.
Much marine biology exists in sea, and they emit light by geometrical reflection. The effect is larger than that of our 1st estimation. Previous approach [5] cannot be used directly. When we see the sun in the sea, the sky is on view directions, which is as a background light. Thus, we determine the distribution of light in the sky and sea. To express relations of scattering, reflections, and angle transformation in the sea, we show appendix 1. 2, 2015-0054 (2016) 3 eqUiPmeNT
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Specification
Underwater camera is HD HERO3 (black edition) that is supplied by GoPro Co., Ltd [6] . The number of pixels is 4000 × 3000, and the lens is a fisheye type of f = 2.8 mm F = 2.8, which angle is 170 [deg] in the air. Output imaging format is 8-bits JPEG. We measured scattering light in underwater 15 m, at Tokashiki Island in Okinawa prefecture. The date is Sep. 13, 2014. Temperature of sea surface is 30 °C, which is estimated from the moderate resolution imaging spectroradiometer (MODIS) [7] . About sea near coral reefs of Okinawa, relations between horizontal transparency and SS are researched [8] . Considering the report, maximum transparency is 10 m. There is no industrial plant at Tokashiki Island; but, SS is not so little.
imaging formats and programs
We obtain JPEG-file from a utility in digital camera, which is set of 8-bits RGB information. They are optimized for appreciation of pictures, but it is not for detections of SS. Therefore, using a file converter, JPEG-images are transformed into RGB-format that is readable in user programs. We express an image of the format as {R,G,B}. The order of RGB has meanings that are an imaging world based on an agreement as expression by 3 elements ordering of Red (R), Green (G), and Blue (B). Hereafter, changing contents of the RGB, but the imaging world is kept. Whenever we calculate ratios among RGB (Ratio-RGB) or another optical property.
Elements of Ratio-RGB is {B/R, G/R, B/G}, 0 ≤ {B,G,R} ≤ 255. The B/R set is normalized, that is;
where x is assemble of x. The order and ratio-terms of {B/R, G/R, B/G} are determined by discussing of scattering light in the sea, which is in section 4. This is an imaging method, whose target is to express differences in the water. It is reasonable in case of images of same location. Because, the normalization is calculated under same light. However, in case of different lights, it is not appropriate. We are trying to define a standard (Appendix 2).
chaNge of rgb brighTNeSS iN The Sea
We discuss determinations for the distribution of RGB-light in the sea by using an example.
Light is absorbed and scattered in the water, where ratios are measured along the 122 lines, except bubble area. The lens is a fisheye using equidistance projection. The relation among angle [deg] and pixels is listed in Table 1 . The maximum projection angle of the lens is 95.8 deg in the sea. The diagonal (in half spherical) is 2500 pixel and the critical angle in the sea is 48.1 deg. Thus, the camera has not total reflection condition.
We see a sky from a view point in the sea in figure 1. Therefore, next to understand incident light in the sea, we should investigate scattering light of the sky in air, by another image.
Radial lines are scan-lines, the area is circular sector. The picture is trimmed in 2500 × 1000 pixels of upper left side of original.
(figure 2)
To escape clouds, 36 traces are selected. The interval angle is 0.7 [deg] . RGB values are in figure 3, which are ordered by the distance from a center.
Diagonal pixel number of the image is 2500, and the angle is 85 [deg]. Increasing of RGB values over 2000 pixel is affected by air contamination near the ground. The maximum B/R ratio is 2.3, which is normal blue sky in Japan [9] . Aerosol optical thickness is 0.5 estimated by an image (Sep. 13, 11:11 JST, 2014) of MODIS [7] .
Brightness over brightness 255 is the sun. We scan each RGB value between 200 and 1000 pixels in figure 3, and get followings;
R value = 300 exp(−0.00123 p), R 2 = 0.99, * refractive index of the sea water is 1.343. Where p is pixel number in air. In the sea, the p is transformed to p'.
Equation (5) is derivative from approximation function of Table  1 . Next, we scan RGB brightness in figure 1 (in the sea), and get figure 4.
They vibrate numerously,so look like broad bands. There would be many scattering objects in the sea. Scattering light makes brightness values increase in case of invisible small particles of the order of micrometer. The increasing is as if random noises are present, and they are rather big. To eliminate them, averaging would not be satisfied; because accumulation of noises is not negligible. We extract envelopes of the curves, and get approximation functions from the bottom lines. The approach is an expectation; then, it must be confirmed by determination coefficients.
On use of figure 4, approximation functions for B and G until 3000 is; B = 224 exp(−0.00045 p), R 2 = 0.99,
These determination coefficients prove the expectation. If decreasing of BG-brightness would be same in air, exponents of equations (6, 7) are −0.00067 and −0.00082 based on equation (5) . Thus, it is expected there are more scattering substances in the sea than in air.
We discuss phenomena for R-light, in which the intensity decreases rapidly, and at the same time, it includes numerous vibrations. We assume there are 2 different processes; i.e., (1) absorption of the water, (2) inhomogeneous scattering of SS.
To analyze the 2 phenomena, we calculate the envelope of observations in fixed interval angles.
RL(u) = min(R(x);x
where RL (u) and RH (u) are lower and upper side envelope vector for u-intervals; we adopt as an example 10 pixels. Operator ⊂ is mathematical inclusion. We expect RL/RH corresponds with absorption and scattering. The idea is that background light is by absorption, and it is disturbed by scattering of plus effects. In case of figure 4, the calculated envelops are in figure 5. The envelope is quite different for distance-pixels from the center of the sun image. Then, we draw the envelopes by dividing 2 parts. The bottom line of envelopes between 0 and 200 pixels looked like a sigmoid function. It is not acceptable for light absorption; therefore, we consider imaging processing in firmware in camera. On narrow bandwidth of 8 bits, including many details, a nonlinear transformation would be adopted; it is adopted on strong brightness. We believe that the bottom line under the half value of brightness is significant, and estimate the approximation. Thus, we get; R = 9 × 10 6 exp(−0.076 p), R 2 = 0.98, (10) where the excess multiplier is caused by the rapid decrease R from P = 130; therefore, as extrapolation for P = 0, the value becomes very large. To display the precision of equation (10), we show figure 6. If the approximation is exponential, it is constant absorption for incident light. We discuss upper side envelope, RH (u). On left side graph of figure 5 , RH (u) is decreased parallel as RL (u). That is; background of R-light is decreased by absorption. On right side, RH (u) shows complex ups and downs. We interpret there are many scattering particles in the sea. They are concentrating in 1400-1700 pixels. It is strange that RL/RH increases linearly in 2000-3700 pixels. Since the lens accepts light from upper sea, it is not caused by a deep layer of the sea. It is a phenomenon concerning long distance propagation of R-light. But, it cannot be understood. We wonder about irregular effects of amplifiers for low-level brightness. There is no fact to test them; therefore, the problem is not considered here.
We discuss the order and ratio-terms of {B/R, G/R, B/G} in section 3. We adopted ratios of B/R and G/R to show different distribution by wavelength of light. This is for suspended particulate matter in air [2] .
B and G-light propagates similarly in the sea; however, R-light is rather different, it shows scattering of SS. Considering with figure  4 , there is no index related with B/R or G/R in air. The value of B/R is between 10 and 200, and G/R is the same. B/G is order of G/R in air, but it shows absorption of G-light.
We relate B/R and G/R to B and G elements, because of continuous expressions in case of the air. B/G is R element inevitably. The ordering shows deep sea is drawn as red colors, because of G-light is decreased more rapidly than that of B-light (cf. figure 4) . already.) These points {1,2,4} are unbelievable phenomena physically. It looks like they would be related to each other. We think that a cause may be noises of 8-bits AD-converters. If noises are arisen per 256 steps, they make RGB intensity vibrated per uniform intervals. By the effect, patterns per uniform pixels are generated. In figure 5 , intensity of R is smaller than that of B and G. Therefore, the noises mainly affect R-element. To confirm the hypothesis, R-element is damped in a circle of radius φ-pixels. The results are in figure 8 . The phenomenon is not wrong but useful effect. It chisels contours on equivalent intensity of pixels. This is a superior function to express fine structures in distribution of scattering light. 
DeTecTioN of iNviSibLe STrUcTUre of waTer LaYer
Until now, we research the distribution of scattering light in the sea. If uniform light propagates to the sea, the scattering is uniform also. If there is SS in the sea, it makes unevenness scattering. It shows that distribution of SS would be detected. Based on this assumption, we photograph seawater on coral reefs (figure 9). By our developed {B/R, G/R, B/G} expression, invisible structure of water layer is detected.
The left is normal RGB, and right is {B/R, G/R, B/G} expressions. For comparison, we show seabed images in absence of coral reefs (figures 10 and 11) . Where, different water layers are not found.
DeTecTioN of SmaLL mariNe obJecTS
Groups of fishes and small marine biology are detected clearly, by using a negative representation of ratio-RGB images. An example is in figures 12 and 13. They reflect light; thus, they are detected as white spots in negative images.
coNcLUSioN
We often find photographs of the sea, i.e., a report [10] ; however, they are not analyzed based on the RGB intensity quantitatively. It's regrettable from a viewpoint of environmental science. To analysis sea photography, we show some points;
(1) It is expected to detect a difference of scattering for B and G light, and absorption of R light, (2) Detection of reflections of marine biology groups is expected. Proposed Ratio-RGB imaging (including the negative ones) is satisfied for above requirements. The approach is based on commercial underwater cameras. The precision is 8 bits; however, even in the restricted conditions, spectroscopic analysis is enabled. Difference of light propagation per RGB-color is detected. Moreover, 
